We report a list of groups consisting of dwarf galaxies only. The sample contains 126 objects, mainly combined in pairs. The most populated group contains six dwarf galaxies.
INTRODUCTION
Contemporary mass surveys, such as 2dF [1] , HIPASS [2] , 6dF [3] , ALFALFA [4] and SDSS [5] have substantially enriched our knowledge of redshifts in the near Universe. The number of measured velocities within the Local Supercluster has increased by a factor of three to four over the past decade. Owing to all-sky surveys, redshifts have become known not only for the giant, but also for a large number of dwarf galaxies.
In their recent series of papers, Makarov and Karachentsev [6] [7] [8] have studied the distribution and properties of multiple systems of galaxies on the scale of the Local Supercluster. In [6] a large number of pairs consisting exclusively of dwarf galaxies was brought to notice. Extremely metal-poor galaxies can be found among such systems, like, e.g., the well-known system * Electronic address: dim@sao.ru ** Electronic address: uklein@sao.ru
The clustering algorithm for multiple systems [6] [7] [8] is based on the natural requirement that the total energy of the physical pair should be negative. At the first stage we computed the boundedness criteria for all galaxy pairs in the sample: the total energy of the system should satisfy the inequality ∆V 2 ∆R < 2GM and the galaxies should reside inside the zero-velocity sphere πH 2 0 ∆R 3 < 8GM , where ∆V and ∆R are the velocity difference and the difference of projected distances in a pair of galaxies, and M is their total mass. We combined the pairs selected by these criteria into groups and repeated the process while there was at least one pair meeting the above criteria. The algorithm uses only the information on the coordinates, redshifts, and magnitudes of objects. We determine the distances to galaxies using the Hubble law with H 0 = 73 km/s/Mpc.
The masses were estimated by the near-infrared integrated
Ks-band magnitudes of galaxies assuming that all galaxies have equal mass-to-luminosity ratios.
We adopt most of the photometric data from the 2MASS all-sky survey [12, 13] . In the absence of K-band estimates we converted the optical (B, V , R, I) and near-infrared (J, H) magnitudes into the K-band magnitudes, as described in the series of papers [6] [7] [8] .
As a result of clustering, 5926 galaxies have been combined into 1082 systems consisting of two and more members.
Makarov and
Karachentsev [8] showed that the median velocity dispersions and harmonic radii of groups with n ≥ 4 members in the Local Supercluster are equal to σ V = 74 km/s and 204 kpc, respectively; the mean crossing time is about 2.2 Gyr; the typical mass of a group is M p = 2.3 × 10 12 M ⊙ and the K-band mass-to-luminosity ratio is M/L = 22 M ⊙ /L ⊙ .
GROUPS OF DWARF GALAXIES
Karachentsev and Makarov [6] pointed at the existence of an unexpectedly large number of pairs consisting of dwarf galaxies. Although such systems have been already known for a while, including the most famous of them the pair of galaxies I Zw 18 A and I Zw 18 C [14] , the groups of dwarf galaxies have until recently remained outside the focus of attention. Figure 1 demonstrates the distribution of luminosities of the brightest and second brightest group members for the groups from [6] . The systems that have caught our attention are located to the right from the vertical line. We compiled a list of groups of dwarf galaxies based on the catalogs of groups in the Local Supercluster [6] [7] [8] . The sample of galaxies from these papers was slightly modified. We added new and updated the available line-of-sight velocities and magnitudes of galaxies using the published data. The changes made in the process of refinement and correction of the HyperLEDA data were taken into account. We also updated the data on groups of galaxies in the Local Supercluster using the original clustering algorithm. The list of dwarf galaxies now includes systems, in which the brightest galaxy has the K-band absolute magnitude fainter than M K = −19 mag, while these groups are not the substructures of brighter formations. This allowed us to mainly select dwarf irregular galaxies with a small number of late-type galaxies (Sdm-Sm) among the brightest objects.
We cleaned the resulting sample from false systems. Such formations may appear in the regions with high negative peculiar velocities near the clusters of galaxies. The use of the Hubble law for determining the distances to them may result in a substantial underestimation of total luminosities of galaxies.
We visually searched for possible group members without known line-of-sight velocities around the selected systems in the region of ap-
The main criterion of visual selection was the morphological consistency between the candidates and known members and the agreement of their redshifts. We performed our search only within the SDSS coverage region. Our list also incorporated multiple dwarf systems, that we identified in the process of visual inspection of images within the verification of galaxy data reliability in the HyperLEDA database. This was not a systematic search and it affected only the galaxies that have caught our attention for some reason.
Note that a visual search for multiple dwarf systems on the SDSS images revealed more than 20 candidates, which subsequently failed to pass the isolation criteria. These close dwarf systems proved to be subsystems located around bright galaxies or inside the more massive groups.
We present the list of groups of dwarf galaxies in Table 1 . The columns of the table give:
(1) the name of the group in the list; (2) [15] ; (6) apparent B-band magnitude, which was estimated from the SDSS g and r-band photometry (see Table 1 from [16] ) or adopted from the HyperLEDA database [17] ; (7) While compiling our list of dwarf galaxy groups we found that some of the SDSS redshifts were determined using the cross-correlation J0911+42 structurally resembles the nearby bright irregular galaxy NGC 4449 with ongoing star formation, which is merging the dwarf low surface brightness spheroidal galaxy d1228+4358 [20, 21] in what is believed to be a case of a dwarf galaxy merger in [22] . Note that the J0911+42 pair is much more isolated and its primary galaxy is about 3 mag fainter than NGC 4449 (note that NGC 4449 was not included in our list due to its luminosity M K = −20.4).
J1110+40 B is a low surface brightness
dwarf galaxy with an unknown line-of-sight velocity, which is located at a distance of 1. ′ 9 (at a projected distance of about 23 kpc) south of KUG 1107+403 and is a possible companion of this galaxy.
J1131−35 is a close pair of galaxies with a separation of 16 ′′ corresponding to a projected mutual distance of 2.6 kpc from each other. Velocity is known only for one of these galaxies.
J1150−00.
At an angular distance of 3 ′ northwest of the UM 456 and UM 456A pair the UM 455 galaxy is located, but it has a substantially higher line-of-sight velocity (V LG = 3680 km/s).
J1244+62 is a chain of five dwarf galaxies extending over 180 kpc. The system appears to be in the process of formation.
J1310+34
The disk of the UGC 8246 galaxy is warped, possibly, due to the interaction with the second component of the pair.
J1337+32 is one of the most populated groups in our list. It contains six members.
One of the galaxies, J1337+32 F was included into the group based on the morphological criteria. According to the SDSS, the velocity of this galaxy, SDSS J133704.69+315337.9 is equal to V h = 41791 km/s. However, the quality of the spectrum does not allow to reliably estimate its redshift. The morphology of this low surface brightness galaxy suggests that the velocity estimate in question is erroneous. J1437+59 is a close pair of dwarf galaxies with an angular separation of 43 ′′ corresponding to a projected separation of 7 kpc. Velocity is known only for one object.
J1648+21. The complex structure of the J1648+21 A galaxy is either due to a burst of is substantially more uniform. Note that dwarf galaxies evade the 15 h < α < 18 h region. This is especially evident from a comparison with a similar region located symmetrically with respect to the plane of the Local Supercluster. This fact appears to be due to an extreme deficit of dwarf galaxies in the Local Void [24] . Figure 3 shows the luminosity function of the objects of our sample compared to associations of dwarf galaxies. The groups of dwarf galaxies (shown in black) occupy the same interval of ab- Figure 3 . The luminosity function of galaxies of our sample compared to the associations of Tully et al. [11] . is proportional to the distribution obtained for galaxies located out to 3 Mpc, and take into account the fact that the SDSS survey, which is the main contributor to our data, covers about one third of the sky. We can hence make a crude estimate of the total number of systems of dwarf galaxies on the scale of the Local Supercluster.
There should be five to six times more groups of dwarf galaxies than we have actually found so far.
It is evident from Fig. 4 that the groups of dwarf galaxies span over a wide range of values 
of the isolation index (II). This index is equal
to the factor by which the masses of all galaxies should be multiplied for the given group or galaxy to be gravitationally bound with other systems. II ∼ 1 means that the system in question is located near the zone of gravitational influence or, in other words, is near the zerovelocity surface of its more massive companion.
Large II values correspond to the regions of low matter density in the Universe, which are located far from massive gravitating centers. to 30 kpc. Table 2 summarizes the main parameters of groups of galaxies in the Local Supercluster, the Table 2 . A comparison of the main parameters of normal groups of the Local Supercluster (NGLC), groups of dwarf galaxies (GD), and associations of dwarf Figure 6 . The left-hand panel demonstrates the mass-to-luminosity relation for groups and associations of dwarf galaxies; the right-hand panel shows the "'mass-to-luminosity ratio'-luminosity" relation. The black symbols mark the groups of our sample (the dots, triangles, and asterisks show the pairs, triplets, and groups with n ≥ 4 members, respectively). The gray circles show the associations of dwarf galaxies.
the group.
The gray circles in Fig. 5 show the distribution of associations of dwarf galaxies [11] . The associations were discovered in the Local Volume exclusively via analyzing the spatial distribution of galaxies based on high-precision distance measurements. As Tully et al. [11] pointed out, almost all dwarf galaxies in the Local Volume, The median B-band luminosity of groups of dwarf galaxies is 3.5 × 10 8 L ⊙ , and the median projected mass value is 9.6 × 10 9 M ⊙ . This implies a mass-to-luminosity ratio of 45 M ⊙ /L ⊙ .
Note that individual mass estimates for groups of dwarf galaxies are highly uncertain because of the small multiplicity of the systems (which are mostly binary galaxies). We can therefore deal with ensemble-averaged quantities. Figure 6 shows the dependences of the mass and the massto-luminosity ratio on the total luminosity. It is evident from the figure that the associations are, on the average, more massive than the groups of dwarfs. It should, however, be noted that despite the use of different identification algorithms and substantial difference in their sizes and velocity dispersions, groups and associations of dwarf galaxies form a continuous sequence on the "mass-luminosity" diagrams. This fact is a manifestation of the genetic relationship of these systems.
CONCLUSIONS
Over The systems of dwarf galaxies may contain substantial amounts of dark matter. Such "dark" aggregates may be quite numerous.
They are difficult to reveal and study and can therefore "hide" a substantial fraction of dark matter, which remains undiscovered in the studies of groups of galaxies. This may partially solve the problem of "missing" mass the discrepancy between the estimates of the average density of the Universe based on the analyses of cosmic background radiation, and the estimates ensuing from the analysis of groups of galaxies in the Local Supercluster [8] .
Note that the issues of the formation and evolution of the systems of dwarf galaxies remain highly unexplored. This is due to the difficulties one has to face in the process of observations and interpretation, and the problems of the theoretical approach. When we study groups consisting of dwarf galaxies only, we have to address a large number of problems: the low surface brightness and low luminosity make such systems hardly 
